Members of the family Candida spp. are ubiquitous dimorphic fungi that normally inhabit the alimentary, upper respiratory, and genital mucosae of mammals. Cell-mediated immunity appears to be an important limitation to the pathologic spread of these fungi. Prolonged immunosuppression, cytotoxic chemotherapy causing neutropenia, diabetes mellitus, long-term glucocorticoid therapy, and prolonged antimicrobial therapy have resulted in an increased incidence of both localized and disseminated candidiasis. This report describes a systemic Candida spp. infection in a dog with no obvious underlying deficiency in host resistance. Cytopathology, histopathology, transmission electron microscopy, and immunohistochemical staining were used to determine the etiology of the causative agent.
A 3-year-old, male Cocker Spaniel was presented to the Texas Veterinary Medical Center at Texas A&M University after suffering from a generalized seizure approximately 30 minutes before presentation. For a period of 1 week before presentation, the owners had noted a mucus-producing cough, partial anorexia, and polydipsia. A veterinarian had prescribed amoxicillin/clavulanic acid (17.8 mg/kg body weight, per os bid) 5 days earlier. No improvement in clinical signs was noted.
Fever (104.5 F, 40.2 C), tachypnea (60 breaths per minute), and tachycardia (180 beats per minute) were noted on physical examination. The dog was reluctant to stand but circled to the right when encouraged to ambulate. Neurologic examination revealed the following abnormalities: decreased pupillary light reflexes oculus uterque (OU), absent menace responses OU, decreased palpebral reflexes OU, absent conscious proprioception of the left fore and left hind limbs, and an intermittent horizontal nystagmus (fast phase to the left). These findings suggested a multifocal disease.
Mature neutrophilia (27.3 ϫ 10 3 /l; reference range, 3.0-11.5 ϫ 10 3 /l) and a monocytosis (3.4 ϫ 10 3 /l; reference range, 0.1-1.2 ϫ 10 3 /l) were noted on the complete blood count. A serum biochemical profile revealed elevated blood urea nitrogen (36 mg/dl; reference range, 5-29 mg/dl), elevated creatinine (3.4 mg/dl; reference range, 0.3-2.0 mg/dl), and hyperglobulinemia (5.8 g/dl; reference range, 1.7-3.8 g/ dl). Urinalysis revealed the following abnormalities: hyposthenuria (specific gravity 1.007), 10-15 white blood cells/ low power field, and too numerous to count red blood cells/ low power field. Thoracic radiographs revealed severe enlargement of the sternal and tracheobronchial lymph nodes. Cranial mediastinal ultrasonography confirmed a large cranial mediastinal mass (presumed lymph node) with a mildly heterechoic echotexture.
An ultrasound-guided fine-needle aspirate was obtained. Cytopathological examination of the aspirate showed a heterogeneous mixture of numerous lymphocytes, many nondegenerate neutrophils, and many macrophages (most were mononuclear with fewer polykaryotic giant cells) in a light background of erythrocytes and occasional bare nuclei. Numerous yeast and hyphae-like structures were noted within the macrophages (Fig. 1 ). The yeast were approximately 3 m in width, ranged in length from 3 to 25 m, and had apparent septations every 7-9 m. Their walls were thin, stained poorly, and tended to undulate slightly. No branching was observed; however, the hyphae-like structures tended to taper slightly at their ends, and occasional narrow-based budding was seen. A diagnosis of an unknown systemic fungal organism was made, and because of the poor prognosis and financial limitations of the owner, euthanasia was elected.
Necropsy confirmed enlarged mediastinal and tracheobronchial lymph nodes, as well as enlargement of the pancreatic and gastric lymph nodes. Dilated renal pelves and calyces were noted bilaterally. The renal crests were roughened and irregular, with tan striations radiating from the renal crests into the medulla, suggesting pyelonephritis. The left ureter was slightly dilated. The brain was congested and showed evidence of hemorrhage at its base.
Histopathologic examination revealed pyogranulomatous inflammation with intralesional fungal organisms in several organs including the lymph nodes (mediastinal, pancreatic), prostate, spleen, liver, pancreas, and kidneys ( Fig. 2 ). Fungal elements demonstrated within tissues with Gomori Methanamine Silver stain consisted of chains of elongate yeast-like structures and tubular, septate, and branched hyphae. The mediastinal and tracheobronchial lymph nodes exhibited diffuse infiltration of large macrophages and multinucleated giant cells mixed with fewer neutrophils, lymphocytes, and plasma cells. The macrophages and multinucleated giant cells often contained fungal elements (as described above) surrounded by clear halos. Multifocal suppurative meningitis with severe meningial hemorrhage was noted in all sections of the brain (cerebellum, brain stem, medulla oblongata, and midbrain). Mycology cultures yielded bacterial contamination and overgrowth, but budding yeast were observed on the gram-stained smears.
Formalin-fixed tissue from one of the mediastinal lymph nodes was taken and routinely prepared for transmission electron microscopic evaluation. Ultrastuctural examination of the tissue revealed numerous macrophages and many yeast cells that occasionally appeared to bud (Fig. 3) . The yeast were generally found within phagocytic vacuoles in the macrophages. The individual yeast were variable in size, with widths ranging from approximately 1 to 3 m and lengths ranging from 1 to over 5 m. They were generally ovoid and surrounded by a laminated, moderately electrondense wall that was 0.25 m in thickness. The cytoplasm was dense with ribosomes and rare polysomes. Occasional mitochondria with well-developed cristae were also noted. The nuclei were round and made up mostly of euchromatin with small amounts of clumped heterochromatin. Also seen within the yeast cells were a small number of variably size vacuoles that were electron lucent and often contained a small amount of debris.
Sections from a lymph node were also stained using immunohistochemical stains against Sporothrix spp., Cryptococcus spp., and Candida spp. The fungi in the lymph node stained positive for Candida spp. and negative for the other 2 fungi. A diagnosis of systemic candidiasis was made.
Cell-mediated immunity appears to be an important determinant of systemic spread of Candida spp. 5 Circulating neutrophils also appear to be a major defense against candidiasis in dogs. Systemic candidiasis has been induced in dogs that were made neutropenic by administering cyclophosphamide (50 mg/kg body weight intravenously), followed by administration of a challenge dose of C. albicans. 3, 14, 15 Disseminated candidiasis associated with parvoviral infection has been reported in a puppy. 12 It has also been described in a dog treated previously with antimicrobials and corticosteroids. 7 There is one report of bronchopulmonary and disseminated granulomatous disease associated with Aspergillus fumigatus and Candida spp. infections in a Golden Retriever, where an acquired defect in the immunological system may have been a factor in the development of systemic granulomatous disease in a 7-year-old dog. 1 The most recent report of systemic candidiasis in a dog documented several medical treatments that have been associated with an increased risk for candidiasis, including urinary catheter placement, administration of broad-spectrum antimicrobials and corticosteroids, and parenteral nutrition. 7, 8 The dog in this case report showed no clinical evidence of an underlying disease process or immunosuppression. There was no history of cytotoxic chemotherapy administration, long-term glucocorticoid therapy, or prolonged antimicrobial therapy. A primary (hereditary) immunodeficiency disorder (i.e., leukocyte adherence deficiency or a defect in the cell-mediated immune system) seems unlikely due to the age and medical history of this dog. 4 A secondary (acquired) immunodeficiency disorder (particularly a defect in neutrophil function or cell-mediated function) could have been responsible for the development of systemic disease in this dog. There was no evidence of an underlying infectious process, metabolic disorder, neoplastic process, malnutrition, or immunosuppressive drug history. Acquired neutrophil function cannot be ruled out because it was not investigated further. To the authors' knowledge, there are no other reports in the veterinary literature of disseminated candidiasis where an underlying cause was not obvious.
Diagnosis of candidiasis is often made from cultures and histopathologic examinations. 5 Measuring D-Arabinatol in the serum of humans, polymerase chain reaction to detect Candidia spp. in blood and urine, and latex agglutination tests to detect Candida antigens in body fluids are available. 6, 10, 13 These tests are an alternative to culture methods. 5 The immunohistochemical stain for Candida spp. was tested against several species (C. albicans, C. glabrata, and C. tropicalis) and was positive for all three. Nonetheless, the positive staining for Candida spp. coupled with the negative staining for Sporothrix spp. and Cryptococcus spp. supported the diagnosis of systemic candidiasis.
The ultrastructure of the yeast cells was very similar to the light microscope findings. The yeast cells were consistent morphologically with Candida spp.; however, the fungus could not be speciated on the basis of morphology alone. 2, 9, 11 The formation of the hyphae-like structures was also consistent with C. albicans. cervids. 20 Chronic wasting disease has been transmitted experimentally by intracerebral inoculation of brain from mule deer into a variety of animal species, including a goat. 20 In a previous publication, preliminary findings of an experimental CWD inoculation into cattle through the intracerebral route was reported. 7 The present communication describes the final results of that study, which was terminated in the fall of 2003, 6 years after the study was initiated.
The primary objective of this study was to determine whether the CWD agent could be transmitted to cattle by intracerebral inoculation. Secondary objectives were to provide information to TSE researchers about the clinical course and lesions of CWD in this species and to determine the suitability of currently used TSE diagnostic procedures for detection of CWD in cattle.
